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DIFFRACTIVE OPTICAL ELEMENT 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

This invention relates to a diffr active optical 
element and a method of manufacturing the same, and 
particularly to a diffractive optical element for use 
in light of a plurality of wavelengths or bands and a 

10 method of manufacturing the same. 
Related Background Art 

In a refracting optical system, use has heretofore 
been made of a method of decreasing chromatic 
aberration by combining glass materials differing in 

15 dispersion. In contrast, a method of decreasing 

chromatic aberration by providing a diffractive optical 
element having the diffracting action on a lens surface 
or in a portion of an optical system is disclosed in 
such literature as SEXE, Vol. 1354, International Lens 

20 Design Conference (1990), Japanese Patent Application 
Laid-Open No. 4-213421 (corresponding U.S. Patent 
5,0447,06), Japanese Patent Application Laid-Open No. 
6-324262 (corresponding U.S. Patent 5,790,321), etc. 
These correct chromatic aberration by the utilization 

25 of the phenomenon that chromatic aberration appears in 
opposite directions on a refractive part and a 
diffractive part disposed in an optical system. Also, 
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such a diffractlve optical element is comprised of 
phase type diffractive gratings having synchronism, and 
can also be given an effect like that of an aspherical 
lens by varying the period of the periodic structure 
5 thereof, and is greatly effective to reduce 
aberrations . 

The diffractive optical element having the above - 
described phase type diffractive gratings, unlike a 
conventional lens optically acting by the refractive 

10 index of the medium thereof and the profile of the 

surface thereof, performs action similar to that of a 
lens which causes incident light to converge or diverge 
by a diffractive phenomenon occurring due to the 
synchronism of the diffractive gratings . The shape of 

15 the diffractive gratings such a diffractive optical 
element has is a concentric circular shape centering 
around a point, and the diffractive grating nearest to 
the central point is called a first zone, and the 
subsequent diffractive gratings are called a second 

20 zone, a third zone, and so on. 

Also, such a diffractive optical element can be 
made by injection molding using a resin molding metal 
mold, etching, laser beam machining or the like. 
Generally the injection method is adopted because it is 

25 advantageous during mass production. For the working 
of the metal mold used in this injection method, 
cutting using a diamond turning tool, i.e., the 
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so-called diamond turning, is widely used. 

The aligning when the diffractive optical element 
made by this method is mounted on a lens holder is 
presented in Japanese Patent Application Laid-Open No* 
5 10-274705, The diffractive optical element has its 
grating structure determined so that a beam in the 
entire area of the wavelength used may concentrate in a 
particular order (hereinafter referred to also as the 
design order), and in addition, is designed such that 

10 the diffractive efficiency thereof becomes high at a 
certain wavelength of the design order (hereinafter 
referred to also as the design wavelength) . 

The diffractive efficiency at the particular 
diffractive order when a diffractive optical element as 

15 shown in Fig. 9 of the accompanying drawings is formed 
on a certain surface is shown in Fig. 10 of the 
accompanying drawings . 

When use is made of a diffractive optical element 
in which the diffractive grating is constituted by only 

20 one layer like this, diffractive efficiency becomes 

highest at the design wavelength, and gradually becomes 
lower at the other wavelengths. These amounts of 
reduction in diffractive efficiency by the diffractive 
grating of a single layer become diffracted lights of 

25 the other orders, and become a cause of the flare on 
the image plane. Also, particularly when a plurality 
of diffractive optical elements are used, the reduction 
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In diffractive efficiency at the other wavelengths than 
the design wavelength leads to a reduction in 
transmittance . 

A construction which can decrease this reduction 
5 in diffractive efficiency is proposed in Japanese 

Patent Application Laid-Open No. 11-223717. According 
to this, high diffractive efficiency is maintained in 
the entire area of the wavelength used by a diffractive 
optical element of structure in which diffractive 

10 gratings of at least two layers are laminated. Flare 
or the like is also effectively restrained thereby. 

When a diffractive optical element of such a 
laminated type is to be manufactured, the alignment of 
the diffractive gratings of respective layers becomes 

15 an important matter. It is because unless the 

diffractive gratings of the respective layers are 
accurately aligned, diffractive efficiency is reduced 
all the more in spite of being special laminated 
structure which can realize high diffractive efficiency 

20 over a wide wavelength band. 

Regarding a method of aligning two diffractive 
gratings, for example, Japanese Patent Application 
Laid-Open No. 2000-114143 discloses a construction in 
which a concave portion and a convex portion are 

25 provided near the centers of the optical effective 

portions of the two diffractive gratings and they are 
fitted together to thereby effect positioning. 
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However, when the technique disclosed in the 
above-mentioned publication is adopted for a 
diffractive optical element in which two diffractive 
gratings are disposed with an air layer therebetween, 
5 the positioning convex portion becomes longer by an 
amount corresponding to the air layer and therefore, 
there is the following problem. It is that if the 
convex portion is made thin so as not to affect optical 
performance, uncertainty of strength will occur, and 
10 that if the convex portion is made thick so as not to 
pose a problem in strength, influence upon optical 
performance will be feared. 

SUMMARY OF THE INVENTION 

15 The present invention, taking the above-described 

prior art into account , has as its object to provide a 
diffractive optical element which enables alignment to 
be effected highly accurately when a diffractive 
optical element of the laminated type in which a 

20 plurality of diffractive gratings are disposed with an 
air layer therebetween is manufactured. According to 
the diffractive optical element of the present 
invention, the occurrence of flare attributable to the 
alignment error between the plurality of diffractive 

25 gratings can be restrained and as the result, high 
diffractive efficiency can be achieved in a wide 
wavelength band. 
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In order to achieve the above object, the 
diffractive optical element of the present invention 
comprises a first diffractive optical part having phase 
type diffractive gratings disposed in proximity to each 
5 other with an air layer therebetween, and a second 

diffractive optical part having phase type diffractive 
gratings formed of a material differing from that of 
the first diffractive optical part , and is 
characterized by marks for aligning the first and 

10 second diffractive optical parts with each other formed 
in the optical effective areas of the first diffractive 
optical part and the second diffractive optical part. 

Also, a method of manufacturing the diffractive 
optical element of the present invention is 

15 characterized by the step of molding a first 
diffractive optical part having a phase type 
diffractive grating, the step of molding a second 
diffractive optical part having a phase type 
diffractive grating, the step of aligning the first 

20 diffractive optical part and the second diffractive 
optical part with each other while observing marks 
present on the optical effective areas of the first 
diffractive optical part and the second diffractive 
optical part, and the step of fixing the first 

25 diffractive optical part and the second diffractive 
optical part with an air layer therebetween. 

Also, a metal mold for manufacturing the 
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diffractive optical element of the present Invention is 
characterized by a first area for molding a phase type 
diffractive grating, and a second area provided in the 
first area for molding a mark for aligning the 
5 diffractive grating molded thereby with another member. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a front view of a laminated type 
diffractive optical element according to an embodiment 
10 of the present invention. 

Fig. 2 is an enlarged cross -sectional view of the 
essential portions of the central portion of the 
laminated type diffractive optical element according to 
the embodiment . 
15 Figs. 3A and 3B are views for illustrating a 

method of cutting a metal mold for molding a 
diffractive grating . 

Fig. 4 shows the manner in which a diffractive 
grating of a concave lens type is molded by the metal 
20 mold. 

Fig. 5 shows the manner in which a diffractive 
grating of a convex lens type is molded by the metal 
mold. 

Fig. 6 is an illustration of the alignment of two 
25 diffractive optical parts using registration marks. 

Fig. 7 schematically shows the construction of a 
photographing optical system. 
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Fig. 8 schematically shows the construction of a 
single- lens reflex camera. 

Fig. 9 shows the construction of a diffractive 
optical element according to the prior art . 
5 Fig. 10 is a graph showing the diffractive 

efficiency of the diffractive optical element shown in 
Fig. 9. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

10 An embodiment of the present invention will 

hereinafter be described. 

Fig. 1 is a front view of a diffractive optical 
element 1 according to the present embodiment. Fig. 2 
shows a cross -sectional shape of the diffractive 

15 optical element of Fig. 1 taken along the line 2-2 of 
Fig. 1, and in order to help understanding, the 
diffractive optical element is depicted more 
exaggeratedly in the direction of depth of a 
diffractive grating than actual. In Fig. 2, the 

20 reference numeral 2 designates concentric circular 
phase type diffractive gratings constituting a 
diffractive optical part of a first layer, and the 
reference numeral 3 denotes concentric circular phase 
type diffractive gratings constituting a diffractive 

25 optical part of a second layer, and registration marks 
5 are provided near the optical axis which is the 
optical effective areas of the diffractive optical 
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parts 2 and 3 of these first and second layers. The 
registration marks 5 are used to effect alignment 
highly accurately when the diffractive optical element 
1 of laminated structure is made. 
5 The diffractive optical element 1 according to the 

present embodiment is of structure having the 
diffractive optical part 2 of the first layer, the 
diffractive optical part 3 of the second layer and an 
air layer 4 spacing the diffractive optical parts of 

10 the first layer and the second layer apart by a 

predetermined distance from each other. Also, the 
diffractive optical part 2 of the first layer and the 
diffractive optical part 3 of the second layer are 
formed of materials differing in dispersion, and act as 

15 a diffractive optical element through all the layers 
including the air layer 4 . 

The zonal diffractive gratings the diffractive 
optical parts of the respective layers of the 
diffractive optical element 1 have will now be 

20 described. 

A phase function 4>(r) representative of the zonal 
diffractive grating is generally expressed as follows. 

4><r>= 4 21 



(1) 
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Fir) (CVr 2i ) =C 1 T 2 + C 2 T 4 + C 3 T 6 +C 4 T 8 +C 5 -r 10 +-, 

(2) 

where r is the distance from the center (the center of 
zone) . 

Structure giving 2n as a phase difference is a 
period, and if the pitch is defined as P, from 

k or 

(3) 

r- x 

dF(r) ' 
dr 

(4) 

In the present embodiment, the registration marK b 
is provided on the diffractive optical part of each 
layer. In Fig. 2, the sizes of the registration marks 
5 are depicted exaggeratedly, but actually the 
registration marks are made with a size of 1 % or less 
of the front projection area of the first diffractive 
grating area (first zone) as counted from the center. 
The diffractive efficiency of a diffractive grating can 
be 100 % in calculation at the design wavelength, but 
actually the efficiency is reduced by 5 to 10 % 
depending on the accuracy of manufacture of the 
grating. Accordingly, rays incident on the 
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registration marks 5 become scattered light and cause 
the diffractive efficiency to be decreased, but the 
decrease in the diffractive efficiency thereby can be 
said to be within the range of an allowable error as 
5 compared with the decrease in the diffractive 
efficiency by the accuracy of manufacture. 

As described above, the registration marks 5 for 
aligning the diffractive optical parts of the 
respective layers with each other are provided on the 

10 optical effective areas of the diffractive optical 
parts, whereby a diffractive optical element of 
laminated structure can be manufactured highly 
accurately, and the influence of the registration marks 
5 upon optical performance can also be made small. 

15 Description will now be made of a method of 

cutting a metal mold for making the above -described 
diffractive optical element 1. In the following 
description, the left to right direction in the plane 
of the drawing sheet of Figs . 3A and 3B is defined as x 

20 direction, and the vertical direction in the plane of 
the drawing sheet of Figs . 3A and 3B is defined as y 
direction (the upper side is the + (plus) direction). 
Fig. 3A shows a metal mold 6 for making a diffractive 
grating of a concave lens type (corresponding to the 

25 diffractive optical part 2 of the first layer in Fig. 
2). This metal mold 6 is rotated about a position 
corresponding to the optical axis, and cutting is 
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effected by a diamond turning tool 9 . 

As shown in Fig. 3A, the working of the metal mold 
6 for the diffractive grating of the concave lens type 
is done with the diamond turning tool 9 moved from the 
5 outer side in x direction (the peripheral side) toward 
the inner side (central side)* When the first zone on 
the most central side is to be cut, the diamond turning 
tool 9 is moved in the minus direction of the y-axis to 
effect the working for the registration marks indicated 

10 by 8. At that time, the cut surface in y direction is 
accurately cut, and the cut surface in x direction has 
the angle of the tip of the diamond turning tool 9 
intactly transferred thereto. 

Here, the working depth of the mold areas for the 

15 registration marks is set so as to be 10 % or less 
relative to the depth (height) of the diffractive 
grating. Specifically, the size of the mold area 8 for 
the registration marks is formed with a radius of 15 pm 
and a depth of 1 pm. At this time, the inclination 0 

20 of the mold area 8 for the registration mark shown in 
Fig. 3A is of the order of 4° . 

Considering that the size of the registration mark 
5 is as small as about 0.1 % as compared with the area 
of the first zone, the influence given to optical 

25 performance by the scattered light of the rays caused 
by the inclined surface of the registration mark 5 
being inclined by 4° can be said to be very small. 
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In this manner, the metal mold 6 is worked and further, 
by the use of ultraviolet setting resin, the 
diffractive grating of the concave lens type (the 



diffractive optical part 2 of the first layer) is made 

5 as shown in Fig. 4. ^ 

Fig. 3B shows ^metal mold ^l) for making a 
diffracting grating of a convex lens type 
(corresponding to the diffractive optical part 3 of the 
second layer in Fig. 2). The making of the metal ^^ldj ^ 

10 7 is the same as the making of the metal mold 6 in that 
the metal mold is cut while being rotated about a 
position corresponding to the optical axis, but differs 
from the latter in that cutting is effected from the 
inner side (the central side) in x direction toward the 

15 outer side (the peripheral side) as indicated by 

arrows. When the first zone is to be cut, the diamond 
turning tool 9 is moved in the plus direction of the 
y-axis to work the mold area 8 for the registration 
mark. Again at this time, the cut surface in y 

20 direction is cut accurately and the cut surface in x 
direction has the angle of the tip of the diamond 
turning tool 9 intactly transferred thereto. The 
working depth of the mold area for the registration 
mark, as in the case of the metal mold 6, is also set 

25 so as to be 10 % or less relative to the depth of the 
diffractive grating. By the use of the metal mold 7 
worked in this manner, as shown in Fig. 5, the 
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diffractive grating of the convex lens type (the 
diffract ive optical part 3 of the second layer) is made 
by ultraviolet setting resin differing from that for 
the diffractive optical part 2 of the first layer. 
5 The diffractive optical parts made in this manner 

are fixed with a predetermined air layer 4 therebetween 
while the registration marks 5 are confirmed by means 
of a magnifying apparatus such as a microscope. The 
fixing of the two diffractive optical parts can be 

10 accomplished by joint portions, not shown, provided on 
the outer edges of the optical effective areas of the 
respective diffractive optical parts being cemented 
together by an adhesive agent or the like. Fig. 6 
shows the state when the registration marks 5 are 

15 observed by means of the magnifying apparatus such as a 
microscope when the two diffractive optical parts 2 and 
3 are superposed one upon the other. The locations 
indicated by thick lines are the edge portions of the 
registration marks 5, and by aligning these locations 

20 with each other, a laminated type diffractive optical 
element can be made with good accuracy. 

As described above, by providing registration 
marks optically having little influence on the optical 
effective areas of the diffractive optical parts, there 

25 can be made a diffractive optical element of laminated 
structure aligned highly accurately, i.e., a 
diffractive optical element of higher diffractive 
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efficiency in which the occurrence of flare is 
restrained. 

An embodiment of an optical system using the 
laminated type diffractive optical element 1 will now 
5 be described with reference to Fig. 7. 

Fig. 7 shows a cross -section of the photographing 
optical system of a camera or the like. In Fig. 7, the 
reference numeral 10 designates the photographing 
optical system provided with a stop 11 for determining 
10 the brightness of the optical system and the 

diffractive optical element 1. The reference numeral 
12 denotes an imaging plane on which silver salt film 
or a photoelectric conversion element such as a CCD is 
disposed. 

15 The diffractive optical element 1 is improved in 

the wavelength dependency of diffractive efficiency and 
creation of unnecessary diffracted light and therefore, 
by being used in a photographing optical system like 
the present embodiment, there can be obtained a 

20 photographing optical system of high performance which 
suffers little from flare and is high in resolving 
power . 

While in Fig. 7, the diffractive optical element 
is used in the foremost lens, this is not restrictive, 
25 but the diffractive optical element may be provided in 
other lens than the foremost lens or a plurality of 
lenses. Also, while in the present embodiment, there 
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has been shown a case where the dif f ractive optical 
element is applied to the taking lens of a camera, this 
is not restrictive, but the dif f ractive optical element 
may be used in an imaging optical system for use in a 
5 wide wavelength area such as the image scanner of a 

business machine or the reader lens of a digital copier 
to obtain a similar effect. 

An embodiment in which the af oredescribed optical 
system is applied to an optical apparatus will now be 

10 described with reference to Fig. 8. 

Fig. 8 is a schematic view of the essential 
portions of a single-lens reflex camera. In Fig. 8, 
the reference numeral 20 designates an interchangeable 
lens having the af oredescribed photographing optical 

15 system 10. The photographing optical system 10 is held 
by a lens barrel 21 which is a holding member. The 
reference numeral 30 denotes the main body of the 
camera which is comprised of a quick return mirror 31, 
a focus plate 32 disposed at the image forming position 

20 of the taking lens 20, a pentagonal prism 33 for 

converting an inverted image formed on the focus plate 
32 into an erect image, an eyepiece optical system 34 
for observing the erect image therethrough, etc. The 
reference numeral 35 designates a film surface. During 

25 photographing, the quick return mirror 31 is retracted 
from an optical path and a shutter curtain, not shown, 
is opened, and an image is formed on the film surface 



35 by the taking lens 20. 

The benefits obtained by the diffractive optical 
element of the present invention hitherto described and 
the optical system using the same are effectively 
enjoyed in the optical apparatus as disclosed in the 
present embodiment . 



